Abstract.
A The experimental data were obtained and reported by Chudnovskyet al. [1] . Briefly, the experimental procedurecanbe describedasfollows:
A polystyrene single notch specimenwith a hole positioned near the expected crack path ( Fig. la) wassubjectedto a low cyclefatigue loading. Cycleloading wasusedto ensure stable crack growth. This particular material does not exhibit a time dependent fracture mechanism which could be attributed to fatigue crack propagation; therefore, in the described experiment, cycle loading was used to prevent dynamic unstable crack growth.
Severalgeometrieswere usedto obtain different intensities of crack hole interaction and to ensurethat the region of this interaction would be confined to the center of the specimen, thus preventinginfluence from the endsof the specimens.The crack propagation described in [1] is accompaniedby a damagezone typical for this material, the mechanical nature of which is formation of crazes.The typical size of the damagezone is significantly smaller than the geometrical parameter of the problem (diameter of the hole). Thus, two observationsare possible; observation on microscale and on macroscale.The first, which was a primary subject of [1] , is aimed at processes typical to the region in the vicinity of the propagatingcrack tip, so the sizeof the damagezone becomesthe length parameter of the observed physical process. The latter considers the crack with the adjacent propagating damagezone as one crack interacting with a hole. This would be the view of an observer from a certain distance,when the damagezone appearsjust as some fuzzinessalong the crack surface. Naturally, the results of the analysison macroscalecan serve as boundary value datafor the analysison mlcroscale.
A summary of the experimental data, observed in [1], is given in Figure 2 
where a is center of the hole, R is the radius of the hole, and potentials corresponding to the case a = 0 are
here t is a current location of the dislocation.
The statement of a traction free crack surface,
,_+ _ ¢_ (2.8) 
The form chosen here is convenient for computations in the vicinity of the crack tip and the evaluation of the stress intensity factors at the crack tip, that is (0) In this part of the investigation the crack propagation of the numerical model was assumed to be partially along the given trajectory up to certain point, and then small perturbations of the experimental path were given. These perturbations were given in the form of a circular arc tangential to the original path and small in length if compared with any geometrical parameter of the problem. The length of these arcs was chosen so small that it did not affect the result, and the only important parameter that remained was the angle formed by the tangential at the free end of the arc and by the tangential to the actual crack path trajectory at the point correspondent to the increment of the crack advance equal to the arc length.
These crack path perturbations are illustrated schematically in Figure  6 . The length of the arcs is enlarged in Figure  6 for better visualization.
The sign of the angle of the crack path deflection is marked in Figure  6 . 
Proposed crack path deflection mechanism.
To explain the observed data which were described in the previous section, it is essential to consider the material properties exhibited during the crack growth process. As was pointed out in the introduction, the material which was used in the experiment may be characterized by the formation of a narrow nonlinear zone along the crack path. In the framework of linear fracture mechanics, the crack and the surrounding zone cannot be separated and are treated as a single object. The resulting fracture mechanics parameters then may be interpreted as remote, or applied, values controlling the nonlinear region. The nonlinear zone acts as a buffer for the crack in absorbing the asymmetry of the applied stress field. As a result, the nonlinear zone becomes asymmetric with respect to a crack line.
The nature of the nonlinear deformation mechanism is not important in principle, and for purposes of this study, it may be characterized by the quantity of the stress field asymmetry it can absorb before turning the crack. In the framework of linear fracture mechanics, the derivative 0 G/o o_at a = 0 and KII are the only parameters that may be used as a measure of the asymmetry of the applied stress field acting in the vicinity of a crack tip. Of these two parameters, the energy release gradient with respect to the deflection angle, a G/a _, has a better physical interpretation in terms of the energy release rate increase (benefit) due to the crack tip rotation. It is a material property that determines the critical value of the energy release rate benefit required to rotate the crack tip. On the other hand, considering that both parameters play similar roles, one has to note that the critical value of KII would be easier to measure. In Figure 8 , schematic development of an asymmetric crack propagation process zone is illustrated. Thus,
where b and a are linear dimensions of the wake of the nonlinear process zone, as illustrated in Figure  8 . The ratio S on the right of (3.1) may be taken as a geometric criterion of the asymmetric development of the nonlinear region.
For positive values of a and b, this ratio changes from -1 to 1, with 0 corresponding to the symmetric case. Sign of S corresponds to the direction of the angle of deflection. Results reported here were reproduced from data from different specimens, which shows their reliability.
It was observed that the crack path is not characterized by monotonic increase of the energy release rate due to the crack advance, and the crack growth direction is controlled by local gradients of the energy release rate with respect to a deflection angle.
The proposed crack path formation mechanism is based on the assumption that the process zone formed during the crack growth serves as a buffer between the applied load asymmetry and the crack tip reaction to it. Thus, the magnitude of the energy release rate gradient, required to alter the crack growth direction, is associated with the process zone in the vicinity of the crack tip. The ability of this zone to transmit the asymmetric properties of 
